Study Design: Retrospective analysis of acute spinal cord injuries (ASCI). Objectives: Determine incidence of ASCI due to suicide attempt from 1970 to 2000. Describe demographics, injuries, mental illness, functional outcomes and nature of subsequent deaths. Setting: State spinal cord injury services, New South Wales, Australia. Methods: Retrospective record review and follow-up interview. Results: Of 2752 ASCI admissions, 56 were because of attempted suicide (55 falls, one gunshot wound). Thirty-six males and 20 females. Median age 30 years (15-74). Most common levels of vertebral injury were C5 and L1. Twenty-three had complete spinal cord injury. Thirtytwo had an Injury Severity Score of 415. Forty had more than one major injury. There was a significant rise in the incidence of ASCI following self-harm over time (Poisson regression, P ¼ 0.004). There was a significant change in scene of injury away from hospitals over time (w 2 test, df ¼ 1, P ¼ 0.0001). Psychiatric diagnoses were personality disorder 27; schizophrenia 16; depression 14; chronic alcohol abuse 10; mood disorder 10; chronic substance abuse 10; other four. Follow-up was available in 47 cases (84%) at an average of 8 years. Four subsequent deaths were by suicide. Domiciliary arrangements were: home 28; hospital five; nursing home three; group home/hostel four. Conclusions: Community placement outcomes for survivors were good. Subsequent death by suicide was high. There was a significant rise in cases and a change in injury scene away from hospitals over time.
Introduction
During the 1990s there appeared to be an increasing number of mentally-ill individuals being admitted to the two spinal cord injury units in the state of New South Wales (NSW), Australia, after an episode of self-harm, usually involving a fall from a height. This prompted a retrospective study of the rate and circumstances of such episodes, the pattern of associated injuries and longterm outcomes.
Jumping from heights is an uncommon method of deliberate self-harm. [1] [2] [3] [4] Figures from the Australian Bureau of Statistics indicate that jumping accounted for only 4% of suicides in Australia in 1998. 5 However, during the 1980s there was an increase in suicide by jumping in Australia, the UK, Switzerland and Finland. 2, 3 We speculated that the incidence of self-harm resulting in spinal cord injury (largely by jumping) might have been influenced by deinstitutionalisation of psychiatric care and the use of recreational drugs. Deinstitutionalization of Australian psychiatric facilities occurred from the 1960s to 1980s 6 possibly leading to lower levels of supervision, poor treatment compliance and increased risk of deliberate self-harm. 7 Rates of chronic substance abuse have increased in the last decade and a half 8 and this has led to deterioration in mental health, homelessness and poor compliance with medication and professional advice. Collectively, these phenomena may lead to impulsive acts of deliberate self-harm, such as jumping from a height.
The purpose of the study was to review the incidence of acute spinal cord injury (ASCI) owing to self-harm as a result of a suicide attempt, over three decades in NSW, Australia. Additional aims were to describe the demographic, physical injury and mental illness details of cases of self-harm resulting in ASCI. Long-term functional outcomes and the nature of subsequent deaths were also sought in each case.
Clinical material and methods A retrospective review of patient records on those who had sustained spinal column injury with neurological deficit following an episode of self-harm in NSW between the beginning of 1970 and beginning of 2000 was performed. This study was conducted at the two ASCI units in NSW (the Royal North Shore and Prince Henry Hospitals). Identified cases were followed up by direct contact. We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research.
The criteria for inclusion in the study were admission to either unit between 1 January 1970 and 31 December 1999 with injury having occurred in NSW and documented evidence of self-harm on admission. There was no age restriction, but the spinal cord injury units accept the care of adolescents adults with an age cutoff at about 14 years. Cases of death occurring before acute hospital care were not included as were cases of spinal column injury without spinal cord impairment or where self-harm could not be demonstrated. An episode of selfharm was identified from written reports of several interviews between the patient and members of the health care team (acute care physician, consulting psychiatrist and social worker).
Demographic and physical data were collected from patient records in a consistent fashion by using standard forms. The Injury Severity Score (ISS) is a system of stratifying trauma based on anatomical regions injured and severity of injuries to each of those regions. 9 It is internationally accepted that the definition of severe trauma is an ISS of greater than 15. 10 Spinal cord function was graded by the American Spinal Injury Association method (ASIA impairment scale).
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Mental illness was recorded in diagnostic categories after the system laid down in the Diagnostic and Statistical Manual of Mental Disorders. 12 Medical records were reviewed by one of us (RB) and multiaxial assessment was made in each case: Axis I -clinical disorders and other conditions that may be a focus of clinical attention; Axis II -personality disorders; Axis III -general medical condition; Axis IV -psychosocial and environmental problems. It was not possible to derive a reliable functioning score (Axis V) either at time of injury or follow-up.
For the purposes of tracing individuals for long-term follow-up, demographic details on the patient group were collated with information in records held by the NSW State Government Office registering Births, Deaths and Marriages and Australian Federal Government electoral rolls for NSW. Occurrence and nature of deaths subsequent to the index admission were identified by contact with family or health carers or by searching the State Registry of Births, Deaths and Marriages. Those individuals alive at the time of review were invited to complete a questionnaire in person or by telephone interview (see Table 1 ). Their mental health care was discussed in more detail with them and their carers. The consent of the patient to do so was obtained before proceeding.
Change in incidence of cases over time was analysed using Poisson regression. Change in relative frequency of scene of jump was analysed using the w 2 test.
Results
From 1970 to 2000 there were a total of 2752 ASCI admissions at Royal North Shore and Prince Henry Hospitals. Fifty-six cases of self-harm were identified (2.0% of total admissions). There were 20 females and The observed levels of vertebral and neurological injury were congruent and showed bimodal distributions, each with the most common levels of involvement at C5 and L1. The cervical spine accounted for 21% of spinal injuries and the thoracolumbar spine 68%. One case presented without a vertebral column injury, but suffered T12 complete paraplegia secondary to aortic rupture and presumed spinal cord infarction. Averaged across the group, there was improvement in spinal cord function by half of one ASIA impairment level after discharge from acute care to follow-up. Figure 1 shows the distribution of ASIA impairment scale at discharge and follow-up.
Of the 56 cases, 32 (57%) had an ISS greater than 15. Figure 2 shows the distribution of ISS with height for the 55 cases of injury by falling. There is a weak correlation between height of jump and ISS, with wide scatter. Table 2 shows the frequency, nature and number of injuries additional to the principal spinal injury. Four patients (7%) died during the acute post-injury hospital period. Figure 3 shows the trend of incidence per million population in NSW over time. Trend analysis by Poisson regression shows that there has been a highly and statistically significant (P ¼ 0.004) increase in incidence from 1970 to 2000. Table 3 shows the use of various scenes of injury. Figure 4 shows the change in scene of injury over time. There was a significant change from hospitals to other sites as a scene of jump after 1984. The definition of hospital as a scene of injury included acute and longterm care facilities for both physical and mental illness. Table 4 shows the frequency of mental health diagnoses at the time of index injury. We observed that there were many individuals with co-morbid psychiatric diagnoses. Thirteen patients were noted to have attempted suicide at least once before the index event. Table 5 shows the rates of follow-up. Of the eight late deaths in known circumstances, three were suicides (two by jumping, one by hanging), which represents 6% of those discharged after the index injury. Other diagnoses of subsequent death included sepsis and stroke. The average time to follow-up or death was 8 years (range 3-25 years).
Of the 35 who completed follow-up questionnaires, 25 (71%) had continued needs for mental health care, with maintenance of psychiatric medications and/or temporary or long-term admission to mental health institutions. The mental health care needs of these patients were largely stable, with good levels of compliance with treatment advice. The number admitted to hospital for pressure ulcer care was nine (26%). Table 6 shows the outcomes at follow-up for domiciliary arrangements and Table 7 that for income source.
Discussion
As this study was carried out retrospectively, psychiatric diagnoses were made from descriptive reports rather than standardised criteria. Every effort was made to determine later mental health, but it was difficult to determine all subsequent episodes of self-harm without transgressing the privacy of individuals or their families when consent to obtain the information was not given. There are two relevant published reports of spinal injury from self-harm, one from the UK 13 and another from Denmark.
14 Each is retrospective with long-term follow-up reporting subsequent deaths and psychosocial functioning, though the latter study did not specify psychiatric diagnoses. Comparative findings of these two studies and ours are shown in Table 8 . The Danish study reported a significant rise in incidence over time from 1965 to 1987. Other principal findings were that the great majority of cases were from falls and schizophrenia formed a major proportion of the observed mental illness (at about 30%). Previous Australian studies have found that schizophrenia and personality disorder were prominent in self-harm by jumping from bridges. 2, 15 Two other studies of ASCI after self-harm report few characteristics of the study populations and have no long-term follow-up. 16, 17 Schizophrenia is a low-prevalence disorder and the Australian point prevalence is reported as 4.7 per 1000 in urban populations between the ages of 18 and 64 years. 18 The high frequency of schizophrenia found in cases of ASCI resulting from self-harm shown in our study compared with its low population prevalence shows the elevated risk of suicide in this condition, as is already established. 19 Risk factors for suicide in schizophrenia have been described 19, 20 and include the possibility of hallucinatory phenomena, 1 but our study did not include an analysis of triggers for the suicide attempt. Although jumping from a height is a relatively uncommon means of suicide, 5 a number of studies report the nature of physical injuries associated with such an event. The overall fatality rate from selfharm by jumping from a height is approximately 75% 4, 21 with most deaths occurring at the scene of injury. Falling from a height equivalent to six stories or more (B18 m) to hard ground carries a near-inevitable fatality rate. 21, 22 The in-hospital death rate is about 12%. Half of those that reach hospital have spinal column injuries, of which a third have neurological loss. Of all those that 'jump', 4% survive acute hospital admission with ASCI. The average rates of injuries to various body regions are limbs 73%, chest 40%, head 30%, pelvis 24% and abdominal 17%. 1, 3, [21] [22] [23] [24] [25] The pattern of physical injury is the same in cases of intentional and accidental falls from a height. 23 Our study had a comparable in-hospital death rate (7%) to these studies, and we observed a similar pattern of injuries.
The severity of injury is greater with a higher fall and multiple injuries are common, though there is much variation.
3,21-25 However, we found a weak relationship between height of fall and ISS; the four cases of inhospital death had falls in the lower half of the range of heights recorded and were less than the historically fatal height of six stories. These apparent inconsistencies can be explained by our cases being a biased sample of all falls (survivors with spinal cord injury), as well as imprecise information on the height of the fall and the nature of the landing surface.
We found a significant increase in incidence of ASCI as a result of self-harm over time in NSW from 1970 to 2000. Two possible explanations for this are an increasing incidence of self-harm (particularly by jumping) and increasingly effective means of retrieving injured people, leading to greater presentation to hospital. The effect of the latter is difficult to estimate, but it is known that the overall suicide rate for the age group 15-34 years has risen between 1964 and 1997 in Australia, particularly in males. 26 The cause of more people jumping with self-harm is likely to be multifactorial and may include de-institutionalisation of mental health care in NSW and rising recreational drug use. The rise in incidence of ASCI that we observed occurred in the mid-1990s, which is approximately 10 years after the completion of de-institutionalisation of the mentally ill in NSW. 27 Given this time lag it is difficult for us to find a direct relationship between de-institutionalisation and ASCI due to self-harm by jumping from heights.
Rates of substance abuse have increased in the last decade 28 and there is a high prevalence in those with psychosis in Australia. 29 In the mentally unwell, substance abuse leads to symptom worsening, 30 homelessness and poor compliance with medication. 31 These conditions may be conducive to self-destructive acts. Specifically, cannabis use may precipitate psychosis in those at risk and worsen symptoms of established psychosis. 32 A high proportion of people in our study have schizophrenia. It would appear that these individuals are vulnerable to self-harm by the nature of their illness and this may be compounded by substance abuse. Thus, there may be a link between rising rates of substance abuse in the community and a rise in spinal cord injury from self-harm. This has also been postulated by others. 14 We found that there was a significant change in the scene of jumping away from hospitals from 1970 to 2000. This change occurred in the mid-1980s and may reflect improvement in the housing of acute psychiatric patients on the ground floor. There may also be an increasing tendency for jumping to occur at nonhospital sites because jumping is an impulsive act. It thus can occur wherever the conditions are conducive to it (eg elevated situation) and if the individual is feeling sufficiently motivated or reckless. The frequency of suicide following the index spinal injury appears to be high. We found that three patients died from self-harm after discharge and one died in unknown circumstances. Assuming the latter case died from self-harm, the late, fatal self-harm rate of those discharged from acute care after spinal injury was approximately 8%. By comparison, the population suicide rate in Australia in 1998 was 14.3/100 000 5 and the suicide rate after ASCI from all traumatic causes in NSW is approximately 1% with a standardised mortality ratio of 4.4. 33, 34 The repeat suicide rate is higher than this in our study group and is comparable to the 10 year follow-up of unsuccessful first suicide attempts in New Zealand, where the subsequent suicide-associated death rate was 4.6%. 35 The high rate of subsequent suicide in our study can be attributed to a number of possible causes. It may reflect both the persistence of mental illhealth responsible for the index injury and the increased suicide risk of ASCI per se 34, 36 and major injury in general. 36 Eighteen percent of our study population suffered head injury as well as ASCI. Several studies have demonstrated increased suicide risk following head injury, [37] [38] [39] which is independent of pre-injury mental state. 40 Although previous reports have highlighted the importance of intervention against suicide in the ASCI population as a whole, 34, 41, 42 it appears from our study that there is a real and particular need for such action in the group of people with ASCI suffered after suicide attempt.
Prevention of injury and death from suicidal action is supported by much work and a key element is restriction of access to lethal means. 43, 44 Our study showed that jumping with suicide intent occurred preferentially from public buildings or structures (bridges and railway stations included) rather than natural places from which to jump (such as cliffs). First, this emphasises the need for easily accessed high structures to be rendered safe from suicide attempt. Secondly, substitution of jump site (such as cliff for building) by the subject is unlikely given the impulsiveness of the act and the effort involved to reach a natural site from which to jump, as shown in previous work, 43 making safety measures on buildings and structures worthwhile.
In conclusion, ASCI and associated injuries from attempted suicide are frequently severe. Our study group represents the survivors of these acute injuries and many were able to return home (often with modifications) (70%) and many others to group homes or hostels (10%). However, there was also a continuing need for mental health management in 71% of those followed up. The subsequent suicide rate is high and careful assessment and intervention is recommended in order to reduce this risk.
